Abstract-The purpose of this study was to develop "Chemtective" as a game-based learning medium which was valid, practical, and effective in improving students' interest and motivation in learning Chemistry. "Chemtective" is a computer game-based medium designed by collaborating "chemistry subject" and "detective stories". The method employed in this study was Research and Development (R & D). The validity of the medium was evaluated by three media experts. As many as 34 students of SMA Negeri 2 Banjarmasin were selected as the try out subjects. The data of validity, practicality and effectiveness of the medium were collected by using validity sheet, observation sheet, students' responses and students' interest questionnaire. The practicality of the medium was evaluated by three observers and the effectiveness was evidenced by the improvement of students' interest in learning chemistry. The analysis of the data used percentage method. The result showed that "Chemtective" was valid, can practically be implemented, and was effective to improve students' interest in learning chemistry.
I. INTRODUCTION
Learning is a process of delivering a message from the source to the recipients by using particular media [1] . However, there are several factors that become barriers of this process. One of them is psychological barrier related to interests, attitudes, opinions, beliefs, intelligence, and knowledge. Students who are interested in the lesson, topic, and teacher would have different learning outcomes compared to those who are not interested in it or do not like it.
Reference [2] stated that students' interest and motivation will influence the quality of learning outcomes in particular subject. The more the students' interest is, the more intensive the students' focus. As a result, students learn more actively in gaining achievement. On the contrary, lack of interest and motivation to learn will make students less motivated to be involved in the learning process.
This problem is often encountered in Chemistry subject, one of which is on Periodic Table of Elements (PTE) subject matter. Periodic Table of Elements is one of the essential subject matters in Chemistry. It is generally studied in the beginning of the 10 th grade of senior high school to introduce basic chemistry. PTE material consisted of four parts, namely; modern periodic system, development of the basic grouping of elements, periodic properties of the elements, and some classes of elements in the periodic system. A study conducted by [3] showed that PTE is one of the considered difficult subject materials because it consisted of too many memorized materials. Meanwhile, according to [4] PTE is an abstract material, so it requires media as a learning tool. This is compounded by the use of a common lecture method in teaching PTE subject that makes students become quickly bored and not interested in studying. As the impact, the students' learning outcomes are not in line with the expectations.
According to [5] , teachers and instructors have a responsibility in designing learning tasks in such a way so that students have the opportunity to gain experience and a sense of personal achievement, as well as awards. The personal satisfaction will increase students' interest and motivation. Reference [6] states that interest can be built by designing the subject matter into a package of interesting information presented in interesting instructional media. Table of Elements (PTE) will be resolved by designing an interesting game-based instructional medium. According to the study conducted by [7] , game-based instructional medium has a lot of benefits to students, such as facilitating difficult concepts to grasp, increasing the attractiveness of the subject matters, and providing fun learning solutions to solve problems. A study conducted by [8] revealed that students who played gamebased media in learning science demonstrated improvement learning outcomes. Game -based learning also encourages students to explore science concepts. Therefore, to overcome the lack of interest and motivation of students to PTE material, this study intended to develop "Chemtective"; a game-based instructional medium that is valid, practical, and effective. "Chemtective" is a gamebased medium which is expected to help students to solve problems regarding the difficulties of the PTE material. The game-based learning medium was called "Chemtective", because the game uses chemistry along with detective stories as the background. "Chemtective" contains three basic media elements; sound, images, and text, presented as a game with the clear storyline. The use of game-based medium containing detective stories as a background makes "Chemtective" compatible with nearly all the students' learning style, whether visual, audio, kinesthetic, and audio-visual. By using an informal and entertaining game such as "Chemtective", students' interest and motivation to learn PTE material can be increased. Thus, students' achievement will be increased as well.
Problems encountered in learning Periodical
According to [6] , the use of a good game program design improves students' interest and motivation. This idea is reinforced by research conducted by [9] concerning the use of audio-visual media as a teaching tool at schools. The research established that instructional activities using multimedia give the higher learning outcomes than the instructional teaching without media.
II. METHOD
The applied method in this study was Research and Development (R & D) by Borg & Gall design [10] . The try out of "Chemtective" was conducted at SMAN 2 Banjarmasin. The sample consisted of 34 of 10 th grade students. The validity of the medium was evaluated by three experts. The data were collected by using validation sheet, observation sheet, and students' interest questionnaire. The validity of the medium is determined by using the validity criteria 1 <M <2 (poor), 2≤M <3 (invalid), 3≤M <4 (valid), and 4≤M <5 (very valid). The practicality and effectiveness of the medium were analyzed by using percentage technique. This medium is categorized as practical and effective if the percentage result of students and teacher activities when applying the medium, students' response, and students' interest to the medium are more than 40%.
III. RESULTS AND DISCUSSION

A. Results
1) Validity
The validity of "Chemtective" was evaluated by assessing the quality of the content, language, and medium display using validation sheet. Questions about the content consisted of eight aspects, the language consisted of three aspects, and the medium display consisted of five aspects. The result of validation conducted by three experts can be concluded as follows. The means of the medium validity scored by validators was 3.8 or valid. Based on the validation of the three experts, it can be concluded that "Chemtective" is worth to be used with minimal revision. In general, Chemtective has been good in terms of content and display. Of the three factors, quality of the content and medium display gained the highest score, while language gained the lowest score and should be revised. Typeface, the use of color, and the story still need to be improved in order to look more attractive.
The quality of the content and medium display received high score from all validators. The content of the medium and the medium elements such as pictures and text were attractive. Indeed, "Chemtective" contains various interesting cases which are challenging to be solved, such as theft, kidnapping, and bombing. In order to get the clues for solving the cases, the player must answer the questions about chemical elements. The difficulty level of the questions is related to the number and the importance of the clues. Those who succeed to answer difficult questions will get more clues to crack the case. Therefore, the attractiveness of the game content lies on the combination of the chemical concept mastery, the setting strategy, and the cooperation in solving problems. It is relevant to [11] that the interesting games used in learning is a game designed by combining aspects of cognitive, affective, motivational and sociocultural.
2) Practicality
In the trial step, the practicality of "Chemtective" was indicated by students' activities and interaction between students or teachers and the medium during the lesson. Observation of students and teacher activities was conducted by five observers during the lesson. "Chemtective" was piloted on two lessons, lesson 1 was conducted before revising and lesson 2 was conducted after revising the medium. Based on the observation result, the practicality of the medium was explained as follows. The data on Table II above shows that the practicality of the medium in the first trial was 73%. It means that this medium can be categorized as practical. Yet, there are several
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factors of the medium that need to be improved for example the time allocation. Based on observation result number 5, it was found that answering question activity takes much time. Students can not answer the questions quickly. That is why in the second trial, time for answering questions activity was extended. It appears that in the second trial the practicality of the medium slightly increased. Thus, from both trials it can be concluded that "Chemtective" is easily used and understood.
3) Effectiveness
The effectiveness of "Chemtective" was indicated by students' responses toward the medium and the capability of "chemtective" to improve students' interest in learning chemistry.
Students' responses were selected by giving questionnaire to five students. The students evaluated the use of language and the medium display viewed from the color, font type and size, and also the illustration. Students' responses of "Chemtective" can be seen as follows: In the preliminary assessment, the obtained of average percentage of medium practicality was 92%. In other words, the language of "Chemtective" was easily understood and the medium display was attractive. The clarity of the language got a lower response (88%) than the medium display (94%). It means that the display becomes the main interest of the media. Students also gave some suggestions about the time allocation for finishing the questions. Some questions seemed difficult and consume a lot of time to answer. So, the time should be extended in order to give students more opportunity to finish the problems.
After revising the medium of this study, in the second trial, "Chemtective" was tested to 34 of 10 th grade students. Students' motivation was measured by giving questionnaire fulfilled by all students. In the questionnaire, the students expressed their interest toward "Chemtective" and to what extent they were motivated in learning chemistry using "Chemtective" medium. Students' interest toward "Chemtective" in the second trial is shown by the following table. Table IV shows that, in general, students' interest toward "Chemtective" is positive. Statement number 4 "Chemtective medium makes learning chemistry more attractive" received the most positive feedback than any other statements. Instead, statement number 10 "Chemtective helps me remember the lesson longer" obtain the fewest positive response. Even though only 50% students who agreed with this statement, most students agreed that "Chemtective" helps them to better understand of chemistry concepts. From the students' responses and students' interest in the table above, it can be concluded that Chemtective is effective. Chemtective is also attractive and helps students learning chemistry better because it motivates students to enjoy chemistry.
B. Discussion
Chemtective is a game-based learning multimedium in which students solve mysterious cases by applying the knowledge of Periodical Table of Elements (PTE). Any clues to solve the cases such as the theft, the kidnap or the bombing were obtained by answering questions about the PTE. During chemistry lesson using "Chemtective", the students seemed enjoy it. They were also engaged to the lesson until the class finished. Students engagement to the lesson was due to "Chemtective" application as stated by [12] . As many as 1.2 billion people tend to play games, that is why a game like "Chemtective" gained positive perception from most students and showed high practicality. Besides having the challenging cases, the attractiveness of "Chemtective" is also caused by the presence of exciting game play elements such as pictures, color, figures and storyline. Data in Table 3 show that, in general, students were interested on "Chemtective" because of the use interesting media elements such as illustrations, graphics, pictures and color. According to [13] , besides engaging motivation, the use of moving images, color and illustration that form certain patterns also have a great influence in the process of entering information. The more visuals that were used, the higher the quality of learning is. The use of this visual medium should have an effect on the ability to remember.
Indicators of medium practicality were evident from the students' responses when interacting with the medium during the lesson. Data on Table 2 show that students seem cheerful when playing the game. Students also found it easy to play, so "Chemtective" is able to engage students' attention. In general, "Chemtective" is very suitable for teaching Periodical Tabel of Elements material.
Students positive response to "Chemtective" that was found in this research was similar to the study conducted by [13] . In this previous study, the respondents consisting of 72 high school students had positive perceptions toward the game-based instruction and its learning efficiency. They also felt the game-based instruction was much more interesting than traditional didactic lectures.
